Patients with patent ductus arteriosus (PDA) are usually detected and treated during childhood, however, some are not detected until adulthood. In addition, heart failure, severe pulmonary hypertension, and calcification of the ductus may also exist. Transcatheter occlusion has become a widely used technique for the closure of small to moderate sized PDAs since Cambier first reported use of Gianturco coils for transcatheter closure of PDA in 1992 [Cambier 1992]. In the case studies reported here, the one-stage hybrid procedure for PDA combined with other cardiac anomalies in adults was applied with satisfactory results.
Congenital heart disease had been diagnosed in her childhood. There were no obvious symptoms until the preceding year. Echocardiography demonstrated a tubular-type PDA with a bidirectional shunt, a perimembrane VSD about 12mm in diameter, and pulmonary artery hypertension. Cardiac catheterization demonstrated a 6mm tubular PDA and pulmonary artery hypertension (62/31 mmHg). The PDA was closed with a Cardi-O-Fix PDA occluder (Starway medical technology, INC, Beijing, China), and the VSD was repaired using a dacron patch with normothermic cardiopulmonary bypass one day later. The patient recovered well during a 12-month follow-up.
DISCUSSION
Diagnosis and treatment may be delayed in some adult patients with PDA due to a lack of symptoms. Closure of the PDA is indicated in adults in order to prevent the hemodynamic changes of a left-to-right shunt, including aneurysm formation, heart failure, pulmonary hypertension, and endocarditis. One-stage operation remains the most common choice for adult PDA patients with other cardiac anomalies.
Because of the fragility of the aorta and the aneurysmal change of the ductus, surgical closure of PDA in adult patients carries a higher risk. When pulmonary hypertension is present, the risk present during surgical repair of PDA increases dramatically, especially when the transpulmonary closure technique is used with hypothermic circulatory arrest (DHCA) [Toda 2000 ]. Disadvantages of DHCA include increased cardiopulmonary bypass (CPB) time, edema formation, coagulopathy, and influence on multi-organ functions. In addition, spinal cord ischemic reperfusion injury is a fatal complication during DHCA [Drinkwater 2010 ].
Transcatheter closure with an umbrella or spring coil has proved to be an effective and safe treatment. When a large PDA and severe pulmonary hypertension are present, dislodgment of the umbrella is a serious complication [Yan 2007] . In this circumstance, thoracic endovascular aortic repair may be a therapeutic alternative for adult patients with large PDA and pulmonary hypertension [Lai 2008 ]. Both patients in this report had associated pulmonary hypertension, and the one-stage hybrid procedure was applied. PDA was occluded during cardiac catheterization examination. Associated cardiac anomalies were corrected with normothemic cardiopulmonary bypass. Because there was no hybrid operating room, the other procedures were performed the
